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The pathogenrclty and destructiveness of PasteureIIa nzultoctda m various 
disease conditions of domestic ammals and fowl has been of economic concern for 
many years and has led to extensive studies aimed at the elucldatlon of substances 
related to this pathogenlclty1-5 Four types of P mzdtoclda have been designated by 
Carter’ ; of these only one, type A, has been reported to possess capsules whch 
possibly contam hyakromc acid Evidence for tlus suggestion was based prlmarlly 
on the observation that staphylococcal hyaluronrdase removed capsules from 
growmg cells l, an action cited by Carter and Annau2 to be slmllar to that occurrmg 
with the capsules of streptococcal cells 

Soluble capsular products were isolated which also were affected by hyalurom- 
dase, as Indicated by turbid&y reduction urlth acid albumen6 It was noted that, after 
hydrolysis with acid, the soluble material produced reducmg substances However, 
analytical data estabhshmg the presence of hyaluromc acid were not given, and the 
relation of rhe soluble capsular products to hyaluromc acid from other sources was 
uncertain. 

In the present study, a highly punfied, electrophoretlcally homogeneous 
polysacchande preparation was isolated from P. mzrltonda (type A, Stran X-73, 
ATCC 11039), a highly virulent stram associated with fowl cholera3 Chemical 
charactensation of this product indicated its identity with hyaluromc acid of strepto- 
coccal ongm (Group A, type 18, Stram A III) 7 P nzrdtocrda cells were grown m 

Adams-Roe medmm’, with or without the extra addltlon of sodmm hydrogen 
carbonate Seed cultures were obtained by mcubatmg (24 h, 37’) lyoph&zed cells on 
plates contarnrng dextrose-starch agar (Dlfco) Subsequently isolated colonies were 
grown m tubes contammg Adams-Roe medla7, except that thloglycollate and sodium 
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hydrogen carbonate were omitted After 24 h the content of a smgle tube was added 
to 3 hters of Adams-Roe medium, and this was mcubated under the same conditions. 
After addition of 9 ml of formalm (379/o), the cells were recovered by centrifugatxon 
(RC-2 Servall) at 9000 r p m for 1 h The cells were suspended m 0 85% sodium 
chloride contammg 0 3% formalm, and the suspenston was kept in a refrigerator. The 
dry weight of cells produced from 3 hters of medium was 2 5 g for cultures contammg 
sodium hydrogen carbonate and 1 6 g for those grown without this addition 

Isolation of the polysaccharide was accomphshed by the followmg method 
The cells from a 3-liter culture were suspended m 50 ml of a buffer soWion (pH 5 0) 
contammg 0.15M sodmm chloride and 0 10~ sodium acetate Crystalhne papam 
(20 mg), Versene (30 mg), and cysteme hydrochloride (IO mg) were added, and the 
mixture was incubated with strrrmg for 18 h at 60-65” Centrrfugation at 10,000 g for 
30 mm provided a clear, yellow supernatant solution The sediment was found to 
contam an additional amount of hyamromc acid which was recovered as md&ed 
later 

The supernatant solution was concentrated to 10 ml III ~nczto, and 2 voIumes 
of ethano1 were added After separation, this crude preparation welghed approxr- 
mately 200 mg No srgmficant drfferences between the yieIds of polysacchande 
obtamed from celIs grown with or without sodium hydrogen carbonate were noted 

The crude material was heavily contammated with protein (Table I) and wrth 
nuclerc acid, as mdrcated by the u-v_ spectrum, and It was fractionated by precipitation 
with cetylpyndmmm chloride m 0 1~ sodium chlorldeg. Fmal purficatron was 
performed by preciprtation of the mucopolysaccharrde with an alkahne copper 
soluhon, as described for the rsolatron of dermatan sulfatelo. The yreld of purrfied 
material obtamed after this step was 60-70 mg An addItIona 20-30 mg of copper- 
preciprtated polysaccharide was recovered after alkaline extraction of the cellular 
sediment. The total yield of hyaluromc acid was up to 4-5% of the dry werght of 
P mulroczda On some occasions, much smaller yieIds than those reported here 
were obtained, and m such instances varymg amounts of polysacchmdes contammg 
neutral sugars were Isolated, m add&on to hyaluroruc acid No hyaluromc acrd was 
detected m extracts from P. multocrda, type B, Stram 1404 

The use of Dowex-1 for fractronatron of the crude polysacchande gave a 
relatively pure product, but it was difficult to obtam reasonable yrelds, and only one- 
half or less was generahy recovered after elutron under the usual condrtrons The data 
m Table I Illustrate the sirmlanty m composltron between the polysaccharide from 
P. mulfocrda and the hyaluronrc acid from a streptococcal sourcell. The fractron 
obtained as the copper complex was not contammated with compounds contammg 
2-ammo-2-deoxy-D-galactose. Furthermore, u v. absorption spectra showed that only 
the copper-precipitated sampIe was free of nucleic acid The cl&culty experienced m 
obtammg reasonably pure hyaluroruc acid from P multoc~da contrasts wrth the 
reIatrve ease m lsoiatmg tIus polysacchande from streptococcal extracts, although 
the purrty of preparahons obtained as the copper complexes are comparable, as 
Judged by their composrtrons 

Carbohyd Res , 14 (1970) 272-276 



E
 

g 
T

A
B

L
B

 I 

3 
C
O
M
D
O
S
I
T
I
O
N
P
O
P
 

H
Y
A
L
U
R
O
N
I
C
A
C
I
D
 P
R
E
P
A
R
A
T
I
O
N
S
 

F
R
O
M
 P

fls
te

ar
eh

 
M

ul
to

ci
da

 A
N
D
 G
R
O
U
P
 A
S
T
R
E
P
T
O
C
O
C
C
U
S
 

5
 

y
 

So
ur

ce
 a

rr
d c

on
dr

ti
or

rs
 

N
, %

 
U

ro
nf

c 
2-

 A
n
w
1
0
-
2
 de

ox
y-

 
A

na
rt

o A
cr

d
 A

at
oa

rr
al

ys
es

b 
z u!

 
of

 p
rc

pa
ra

ti
or

r 
[o

r]
%

 
ac

rd
, %

 
D
-
g
h
l
C
O
S
C
,
 

%
 

(
I
n
 w
at

er
), 

dc
sr

ee
s 

G
al

N
 

A
sp

 
T

lr
r 

Se
r 

G
h 

P
ro

 
G

ly
 

A
la

 
T

ot
al

 o
f 

ot
he

rs
 a

m
in

o 

P
 M

ul
to

cr
da

 
E

th
an

ol
 

C
et

yl
py

r~
ch

m
um

 
ch

lo
ri

de
 

A
lk

ah
nc

-c
op

pe
r 

re
ag

en
t 

St
re

pt
oc

oc
cu

s 
A

lk
al

m
c-

co
pp

er
 

re
ag

en
t 

86
 

11
9 

10
6 

0 
05

2 
0 

10
9 

0 
06

0 
00

69
 

0 
10

7 
00

73
 0

 1
95

 0
09

2 
0 

28
2 

39
 

37
 3

 
28

 3
 

28
 

40
 8

 
30

 6
 

-6
3 

0 
00

1 
00

06
 

00
04

 0
00

9 
00

07
 t

rn
ce

s 
0 

01
1 

0 
00

7 
0 

02
6 

32
 

44
4 

35
 I 

-7
0 

0 
00

1 
00

06
 

0,
00

7 
00

10
 

00
13

 t
ra

ce
s 

0,
00

7 
00

08
 

0 
01

0 

PA
na

ly
tlc

al
 m
et

ho
ds

 d
cs

cr
lb

ed
 m

 R
cf

 1
7,

 th
e 

re
su

lts
 h

av
e 

be
en

 c
or

re
ct

ed
 fo

r 
m

oi
st

ur
e c

on
te

nt
, 

an
d 

th
e 

he
xo

sa
m

m
o v

al
ue

s w
er

e t
ak

en
 f

ro
m

 th
e 

am
m

o 
aa

d 
au

to
an

al
ys

Is
 da

ta
 an

d 
w

er
e n

ot
 c

or
re

ct
ed

 fo
r d

es
tr

uc
tio

n o
cc

ur
rm

g u
nd

er
 th

e c
on

&
io

ns
 u

se
d 

Q
xp

re
ss

cd
 as

 ra
tio

s t
o 

2-
am

m
o-

2 d
eo

xy
gl

uc
os

e 



NOTE 275 

The ldentlty of the P multoc~da polysaccharlde urlth hyaluromc acid was 
confirmed by the smulanty of Its electrophoretxc moblhty12 with that of streptococcal 
hyaluromc acid (FIN 1) and by the disappearance of turbldlty with aad albumen6, 
as well as by the formation of products havmg an absorption maxunum at 232 nm13 
after incubation with streptococcal hyaluromdase An Ion-exchange chromatographlc 
method developed for the detectlon of uroruc aclds14 showed the presence of 
glucuromc acid only The purtied hyaluromc acid emerged w&h the void volume 
after gel filtration through Sephadex G-200, as described by Wasteson15, resemblmg 
m tbs respect the hyaluromc aced from other sources Treatment with alkah, therefore, 
appears not to have greatly affected the molecular size of the hyaluromc acid, m 
agreement with the findmgs of Swann l6 that alkah treatment of hyaluromc acid 
from rooster combs produced mslgmficant changes m molecular size 

Fig 1 Electrophoretlc moblhtxs of hyaluromc acid preparations The polysaccharldes were apphed 
m a 0 5% solution to Sepraphore III cellulose acetate strips, run for 45 mm at 170 V m a pyrldme- 
formate buffer, pH 3 0, as described by Mathewsl”, and stamed wth Acrldme Orange, (I) purified 
hyaluromc acid from P maltocrda, (2) streptococcal hyaluromc acid (3) purified hyaluromc acid 
from wtreous humor 

In contrast to the sumlarlty of the properties of hyaluromc acids obtained from 
Pasteurella and Streptococcus, the stablhty of the capsules of these bacteria appears 
to differ greatly Thus, hyaluronlc acid IS readily released from streptococcal cells 
mto the culture medmm, whereas the capsules of Pasteurella are removed with 
&fficulty and, even after dIgestIon with papam for 18 h, sign&cant amounts of 
capsular matenal are attached to the cells. 
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